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possible). One specimen per sample was prepared and measured on an automated 2G-Enterprises DC SQuID magnetometer with 5 x 10 -12 A m 2 sensitivity per axis (Kirschvink et al., 2008) , stored, and demagnetized inside a magnetically shielded room with an ambient field less than 500 nT. Measurements of the natural remanent magnetization (NRM) were followed by a series of demagnetization-measurement stages, beginning with liquid nitrogen immersion (Halgedahl and Jarrard, 1995) and followed by thermal demagnetization in 15 to 20 steps up to 580ºC (or until the magnetization was randomized). Data were analyzed using free computer software packages (Cogne, 2003; Jones, 2002) and assessed using principal component analysis (Kirschvink, 1980) to calculate magnetization components and a paleomagnetic pole based upon the mean directions from each cooling unit.
The geochronologic sample (BNB09-WY-203) was collected from the same small outcrop as the paleomagnetic samples (site T09BH10). Baddeleyite was separated from a crushed sample at the University of Lund following the method of Söderlund and Johansson (2002) . From the mineral separates, three aliquots of clear baddeleyite grains (3 to 6 each) were dissolved and analyzed by isotope-dilution, thermal ionization mass spectrometry (ID-TIMS) at the University of Wyoming.
Geochemical samples consisted of specimens taken from paleomagnetic cores approximately a third of a dike-width from the chilled margins. Rock samples were slabbed, crushed in a Bico Chipmunk jaw crusher, and ground to a fine powder in an agate ring mill. Whole-rock major and trace element contents were determined by fuseddisc X-ray fluorescence spectrometry and solution-mode inductively coupled plasma mass spectrometry at the Ontario Geological Survey Geochemical Laboratories, Sudbury, Ontario. The precisions of the data, based on replicate analyses of samples and blind standards, along with representative analyses, are listed in Table DR4 .
Supplementary Results and Discussion

Paleomagnetism of Sourdough dikes
During demagnetization, most samples lost a considerable amount of magnetization during the liquid nitrogen immersion step, eliminating contributions from viscous remanent magnetizations (VRMs) in multi-domain magnetite (Fig. DR4 ). The majority of samples were single component, often with small random components being removed during low-temperature demagnetization steps (<300ºC). Each site also contained mid-temperature magnetizations (300-500ºC) that are identical in direction to the high-temperature components (530-576ºC). Only the high-temperature components were used to calculate mean vectors because they likely represent the magnetization held by low-Ti, single-domain magnetite (Fig. DR4) . One of the largest dikes, T09BH10, provides an age for the Sourdough swarm (Table DR1 ) along with a representative paleomagnetic direction similar to that proved primary by the baked-contact tests.
Two positive baked-contact tests confirm the high-temperature component is primary and also contain definitive thermoremanent profiles from the time of dike intrusion (Figs. DR5-7). Baked-contact tests were sampled at sites where Sourdough dikes intersected Archean(?) dikes, utilizing the predictable magnetic assemblage of mafic country rock (Fig. DR5) . In both contact tests (Figs. DR6 and DR7) , some samples in the "hybrid" zone yielded both baked and unbaked components. For example, in sample T11BH100-15 the baked component was held between 300 and 400ºC over a dike width away. This is predicted by half-space cooling models of dike intrusion, however the correct mineralogy (Ti-rich magnetite) is not always present to preserve a lowtemperature thermoremanent magnetization (TRM) over billions of years. Considered along with robust results from 16 different cooling units, there is high confidence that the thermoremanent magnetization originates from the initial cooling of the dikes at 1899 ±5
Ma and is sufficiently averaged to represent geographic north at the time the swarm intruded.
The only samples excluded from baked-contact tests had anomalously high NRMs, likely originating from lightning strikes. These anomalously strong samples lost a majority of their magnetization during liquid nitrogen immersion, which is typical for lighting struck rocks.
Paleomagnetic poles from the Slave and Superior cratons considered for the reconstructions ( Fig. 3 in main text) are shown in Table DR3 . A full review of paleomagnetic poles from Slave is given in Mitchell et al. (2010) . We depend mostly on the Seton and Kahochella poles because other paleomagnetic poles from Slave have large variations in declination, possibly resulting from episodes of rapid true polar wander. If this were the case (and there is not currently evidence to deny its possibility) then
Wyoming and Superior would have experienced rapid changes in latitude at ca. 1.885 Ga, possibly from the pole to the equator. However, these rapid movements (or the records of them) stabilize by the time Laurentia is consolidated and have not been documented fully on other cratons.
Geochemistry of Sourdough dikes
The two major Bighorn Mountain (BH, as opposed to BT-Beartooth Mountains) dike groups (e.g., BH10 and BH61) are likely related by fractionation combined with small amounts of assimilation of upper crustal rocks ( Fig. 2 in main text) . The BH61-63 group is the less evolved of the two groups and has both higher Mg# and eNdT than the BH10 group (Fig. DR8) Fig. DR9 ), but more samples are needed to confirm this.
Geochronology of Wyoming craton's western and eastern margins
The Black Hills have an ambiguous relationship with Wyoming before 1.8 Ga.
There are a handful of dated Archean rocks in the Black Hills, including the 2.55 Ga Little Elk granite, 2.59 Ga Bear Mountain granite (McCombs et al., 2004) , and a 2.89 Ga xenocrystic zircon from the Little Elk granite (Dahl et al., 2006) . In the Wyoming craton, 2.59-2.55 Ga ages are small in number but appear in five different uplifts (the Granite and Beartooth Mountains, and the Wind River, Teton, and South Madison Ranges) (Chamberlain et al., 2003; McCombs et al., 2004) . This shared range of magmatic ages indicates an Archean connection between the Black Hills and Wyoming craton, possibly signifying collision with each other and the Superior craton (McCombs et al., 2004; Dahl et al., 2006) . Wyoming, Superior, and the Black Hills also share similar Paleoproterozoic sedimentary sequences that suggest they could have bordered the same basin until 2.1-2.0
Ga (Roscoe and Card, 1993; Dahl et al., 2006 (Nabelek et al., 2001 ).
This likely resulted in changes in stress directions recorded by rocks in the Cheyenne belt (SE Wyoming) that show dramatic changes in transpressional deformation at 1.78 and 1.75 Ga, interrupted briefly by syn-collisional extension (Sullivan and Beane, 2013) . The
Black Hills may have remained proximal to Superior or Wyoming after rifting (>2.0 Ga) only to be caught between the two block during their final collision ca. 1.715 Ga.
The eastern boundary of the Wyoming craton, as defined in Figure 1 of the main text, is based primarily upon the geophysical interpretations of Worthington et al. (2016) in the vicinity of the Bighorn Mountain. We have extrapolated this Archean-Proterozoic boundary to the NNW with a slight bend to the north so that the border intersects the eastern edge of the MHB, which is defined by subsurface anomalies (Boerner et al., 1998) . The northern extension of this boundary cuts through central Montana, roughly following linear discontinuities in aeromagnetic maps, but will require further research to accurately define.
The southern extension of Wyoming's eastern margin ends at the Cheyenne belt, which marks the suture with the Yavapai block. In our model, the Cheyenne belt does not extend into South Dakota; this would require an extension of the Wyoming craton into South Dakota, also. Most older models that connect 1.77-1.76 Ga deformation in the Black Hills and Hartville Uplift with the Cheyenne belt do not incorporate geophysical trends in the subsurface as well as our model and others (Worthington et al., 2016) .
It is unknown how far the Archean (Wyoming) craton's western margin extends.
Archean rocks crop out in south-central Idaho (Albion Range) and eastern Nevada (East Humboldt Range) and are assumed to underlie parts of the Snake River Plain, but are separated from Wyoming by the deformed Paleoproterozoic Farmington zone (Bryant, 1988; Mueller et al., 2011; Nelson et al., 2002) . These westernmost Archean rocks may be a separate terrane (the Grouse Creek Block) that possibly shared an earlier (>2.45 Ga)
history with Wyoming or subsequently joined during the assembly of Laurentia (Foster et al., 2006; Mueller et al., 2004) . Figure DR1 . Map of identified Sourdough dikes (red) spanning two Precambrian uplifts, slightly exaggerated in size for better visibility. Other undifferentiated dikes are colored in black. The Sourdough dikes appear to be nearly in line with each other across the Bighorn basin, suggesting that neither uplift was rotated during exhumation. Maps modified from Prinz (1964) , Lopez (2001) , Berg et al. (1999) , Osterwald (1978) , Ross and Heimlich (1972) , Armbrustmacher (1977) , Hinrichs et al. (1990) , Heimlich et al. (1973) , and Barker (1982) .
SUPPLEMENTARY FIGURES
Bighorn Mtns. Figure DR3 . A detailed sample locality map from the central Bighorn Mountains. This map has a smaller scale than Fig. DR2 and is shown to emphasize the evidence for many discrete intrusions even when sample localities are nearby. Sample localities from Archean(?) dikes not discussed in this study are also shown. The localities (green dots with site IDs) are plotted on top of the Lake Helen geologic quadrangle (Barker, 1982) . Figure DR7. Demagnetization data from baked-contact test BH100 for Sourdough dike BH102 (also BH50). The test was sampled into an older Archean(?) dike that is cross-cut by dike BH102/BH50. There are two unbaked components present in the Archean dike (blue and green vectors), both of which are completely overprinted by the baked component (orange vectors) less than 1.2 m from the baked-contact. Distance from baked-contact is given for each sample, with important demagnetization steps labeled with corresponding temperatures. A small baked component can be seen at low temperatures over a dike width away from the baked contact. This indicates that a large assemblage of stable magnetic carriers is present in the Archean dike, none of which has experienced a significant amount of heating since the intrusion of the Sourdough swarm. Krogh (1973) , Parrish et al. (1987) and Rioux et al. (2010) U tracer (ET535) and dissolved in HCl at 180° C to minimize dissolution of any zircon rims. One dissolution of each sample was processed through ion exchange columns to separate HF, but the others were evaporated and loaded without chemical processing. Pb and U samples were loaded onto single rhenium filaments with silica gel; isotopic compositions were measured in single-collector, peak-switching mode on a Micromass Sector 54 mass spectrometer at the University of Wyoming using a Daly photomultiplier collector for all isotopes. Mass discrimination of 0.198 ± 0.10 %/amu for Pb was determined by replicate analyses of NIST SRM 981. U fractionation was determined internally for samples spiked with ET(535). All of the common Pb was assigned to blank. Isotopic composition of the Pb blank was estimated as 18.75±1, 15.652±0.6, and 38.81±0.2 for 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb, respectively. U blanks were consistently less than 0.4 pg. Concordia coordinates, intercepts, and uncertainties were calculated using PBDAT, MacPBDAT and ISOPLOT programs (based on Ludwig 1988 Ludwig , 1991 ; initial Pb isotopic compositions were estimated from Stacey and Kramers (1975) Evans and Halls (2010) . *Reviewed, corrected, and recalculated by Mitchell et al. (2010) . † Units are located in the Rae craton, but are used for the Slave craton reference frame because the cratons unite at ca. 1.9 Ga. ). Int. Std. is standard basalt from Lake Tahoe, California submitted as blind standard. Precision is shown in final column, 1σ (S.D.). d = estimated distance (in meters) of sample from the closest margin of the dike, w = total width of dike (in meters). ? = unkown distance from margin of dike, given when measurement uncertainty precludes a meaningful estimate. 
